This study attempts to use the analytical hierarchy process to choose the most appropriate earthwork machine for slope classes of 30-50% and 50-70%. Required data were collected by pairwise comparison as questionnaires filled by experts of forest engineering. Results showed that cross-sections and grade line (Technical criteria), soil excavation and displacement (Environmental criteria), production rate and multi-application (Operational criteria), production cost (Economic criteria) with the respective weights of 0.345, 0.345, 0.136, 0.058, 0.058 and 0.058 were the most important criteria for choosing the earthwork machines in the slope class of 30-50%. These coefficients for the slope class of 50-70% were 0.329, 0.329, 0.174, 0.056, 0.056 and 0.056, respectively. Overall priority of bulldozer in slope classes of 30-50% and 50-70% was 0.51 and 0.48, respectively. Therefore, in slope class of 30-50% bulldozer and in slope class of 50-70% hydraulic excavator must be selected for earthwork operation.
In optimal selection of earthwork machines that are used in forest road construction projects it is required to determine the effective factors influencing the machine performance and its environmental consequences. In recent years on earthy and steep slopes of Hyrcanian forests a contention about the selection of the best earthwork machine was observed between the operators of road construction and experts of natural resources and environment (Parsakhoo et al. 2008a ). Thus, economic aims conflicted with environmental issues. One of the management methods to increase efficiency and improve the process at the stage of road construction is optimal selection and evaluation of earthwork machines (Akay et al. 2008) . Analytical hierarchy process is an appropriate tool for scheduling and decision making in special projects such as road construction in forest areas (Coulter et al. 2006) .
The effective factors in choosing the best alternative among different types of earthwork machines are divided into technical parameters such as standard cross-section and grade line, operational parameters such as production rate and multiapplication, economic parameters such as production cost and environmental parameters such as soil excavation and displacement (Abeli 1993) . Determination and analysis of these parameters are especially important in countries having limited sources and facilities (Gorton 1985) . Listing method, relative benefit method, cost and benefit, economic surplus, mathematical scheduling and simulation models are the most common methods for determining the priority of criteria and alternatives. In spite of the abundant usage of these methods, there are some problems such as high cost and lack of theoretical framework. Saaty (1980) suggested the Analytical Hierarchy Process (AHP) as a suitable tool for pairwise comparison and alternative priority.
Nowadays, this method is widely used in management ambiguous decision making such as selecting appropriate models to develop information technology, priority of the projects of energy and environment, priority of the projects of power ministry, priority of the agricultural research plans, selection of suitable machines for excavation and digging, routing for road construction projects, scheduling of forest road maintenance and determining the susceptible area to landslide and mass wasting (Stentz et al. 2009 ). Bulldozers and hydraulic excavators are the most important excavation machines which are used in road building projects. Reports on operational and economic properties of these two machines showed that in normal work conditions the efficiency of bulldozer is higher than that of hydraulic excavator (Tunay, Melemez 2004) . Moreover, it was reported that the environmental damage to the natural ecosystem was lower during the work of hydraulic excavator (Parsakhoo et al. 2008b) .
In recent years, the use of hydraulic excavators in earthworking projects has increased in Hyrcanian forests due to their environmental aspects and precision in operation. Furthermore, the crawler bulldozer is another machine which is used in earthworking operations. Approximately 80% of forest roads are constructed by bulldozer. One of the major factors preventing the more frequent use of excavators is their low productivity. There is a contention between experts and scientists about applying bulldozer and/or hydraulic excavator on slopes from 30% to 70% where an environmental issue is important. The main aim of this research was to use analytical hierarchy process to choose the most appropriate earthwork machine in each slope classes of 30-50% and 50-70%.
MATERIAL AND METHODS
In this study it was attempted to choose the best earthwork machine in slope classes of 3-50% and 50-70%. Some criteria are very important in these classes. Among them are standard cross-section and grade line of roads which were constructed by bulldozer and hydraulic excavator. Another factor is production rate which is defined as the soil volume which can be excavated by machine per unit time. This shows the velocity of the machine in road construction. Production cost is the indicator showing the economic advantage of each machine. It is obtained through calculating fixed and variable costs. In steep slopes, displaced soil covers the regeneration and soils are exposed to erosive agents. So, the area of displaced soil is an environmental factor which was considered in this research. Beside the earthwork operation an excavation machine can do other operations such as digging, grubbing, pipe installation, logging and etc. Indeed, multi-application is important to reduce company's costs (Fig. 1) .
AHP is a method that enables to reach a decision by using quantitative and qualitative data. As the problem is stated in the hierarchical tree structure in this method, the problem becomes easy to understand (Acaroglu et al. 2006) . AHP is based on determining the relative priorities (weighting) of the criteria by pairwise comparison (Aykul et al. 2007) . For controlling the consistency of comparison, the consistency ratio is determined. If the ratio is below 0.1, this shows the comparison is consistent. In pairwise comparison, the question is asked 'how many times is a criterion more impor- Very strong 7
Extreme 9 2, 4, 6 and 8 can also be used tant than another one?' and it is answered according to the scale in Table 1 . Expert choice software was used for data analysis. Expert choice (EC) software is used for the analysis of multi-criteria issues and decision making using the analytical hierarchy process. In this method the sensitivity of the matrix can be evaluated using performance, dynamic, gradient, 2D plot and different commands. The criteria to evaluate the machine performance were the ability to build standard cross-sections and grade line, soil excavation and displacement, production rate and multiapplication, production cost and the alternatives were bulldozer and hydraulic excavator (Table 2) . General conditions of the study site are shown in Table 3 . Required data were gathered through pair- wise comparison questionnaires filled by forest engineers (Table 4) .
RESULTS AND DISCUSSION
Expert choice represents a significant contribution to the decision making process. It assists a decision maker in solving complex problems involving many criteria and several courses of action (Kagayo 1997 ). An expert choice solution to a problem reflects the expertise of the decision maker, not of the computer. The decision making was done in expert choice software in a model with hierarchy framework with levels of purpose, criteria and alternatives. Tables 5 and 6 show the pairwise comparison matrix of alternatives for the different slope classes. Expert choice is based on the AHP, a methodology for decision making. It provides users with the tools to make decision frameworks from both quantitative and qualitative data and ways to include value judgments in these decision frameworks. This framework is a hierarchy used to choose the best factors to solve a problem in a systematic way. This hierarchy begins from the goal to the criteria and subcriteria and then ter- The values in Table 5 and 6 were obtained from the arithmetic average of assigned scales by experts based on Table 1 minates to alternatives of a decision (Dey, Ramcharan 2008). Fig. 2 shows the relative weight of alternatives including bulldozer and hydraulic excavator with respect to different criteria. The pairwise comparison matrix of criteria is shown in Table 7 . The inconsistency ratio for all pairwise comparisons was less than 0.1. So the matrixes were acceptable.
Results showed that cross-sections and grade line (Technical criteria), soil excavation and displacement (Environmental criteria), production rate and multi-application (Operational criteria), production cost (Economic criteria) with the respective weights 0.345, 0.345, 0.136, 0.058, 0.058 and 0.058 were the most important criteria for choosing the earthwork machines in the slope class of 30-50%. These coefficients for the slope class of 50-70% were 0.329, 0.329, 0.174, 0.056, 0.056 and 0.056, respectively (Fig. 3) . Productivity is defined as the rate of product output per unit time (meter or cubic meter of excavated road) for a given production system, the production rates of a system can easily be estimated if time studies are combined with measurements of the output of production and it has been completed per effective machine in a working time.
Overall priority of each alternative was calculated after integrating relative weights of alternatives and criteria in ideal status. The priorities of the various earthwork machines for slope classes 30-50% and 50-70% were bulldozer and hydraulic excavator, respectively (Fig. 4) . Therefore, in slope class of 30-50% bulldozer and in slope class of 50-70% hydraulic excavator must be selected for earthwork operation. Excavator machines have multimodal applications in forestry operations which include road excavating, loading, wood harvesting, timber extracting, grubbing, culvert installations, blasting of rocks and big boulders (Budny et al. 2003) . Thus, from the operational point of view larger excavators with different attachments such as blades, hydraulic hammer, brush cutter, harvester head, bucket, grapple and winch could be recommended for improving excavator productivity in forest road construction projects (Filipsson, Eriksson 1989) . Furthermore, qualified workers are necessary to work with the best machines such as hydraulic excavators, using methods to construct forest roads and performing forest harvesting so as environmental damage would be minimized (Johansson 1995) .
CONCLUSIONS
The optimal selection process determines which of the earthwork machines has minimum environmental impacts and maximum economic and technical performance. In other words, we should determine which machine can be suitable for earthworking in forest areas. This study reveals that hydraulic excavator was the most appropriate earthwork machine for the slope class of 50-70%. When no hydraulic excavator is available, bulldozers of small size such as D6 types are used for earthwork operations. 
